Introduction {#Sec1}
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Drug reaction with eosinophilia and systemic symptoms (DRESS) is a hypersensitivity reaction characterized by fever, rash, eosinophilia, lymphadenopathy and internal organ involvement. It has various clinical presentations, and the affected organs may be hepatic, renal, pulmonary, cardiac, muscular and/or pancreatic \[[@CR1]\]. An increasing number of reports have documented the manifestation of new diseases in patients who have recovered from DRESS due to immune dysregulation \[[@CR2]\]. Fulminant type 1 diabetes (FT1D) is characterized by abrupt onset, profound beta islet destruction requiring insulin replacement and the absence of autoimmune type 1 diabetes-related antibodies; consequently, it is classified as idiopathic type 1B diabetes \[[@CR3]\]. In a retrospective study which recruited 145 patients with DRESS, five patients subsequently developed FT1D \[[@CR2]\]. Onuma et al. reported a series of 15 cases of DRESS complicated with FT1D \[[@CR4]\]. Thyrotoxicosis caused by excess iodine uptake is termed as iodine-induced thyrotoxicosis (IIT). The incidence of IIT is low in euthyroid people due to the Wolff--Chaikoff effect \[[@CR5]\], while patients with thyroid abnormalities, including Graves\' disease, nodular goiter and Hashimoto's disease, are susceptible to IIT \[[@CR5]\]. The development of IIT in patients who have recovered from DRESS has never been reported.

Case report {#Sec2}
===========

A 46-year-old woman presented to our hospital complaining of fever (*T*~max~ 39.7 °C) and fatigue. Physical examination revealed enlarged cervical and inguinal lymph nodes. She was treated with antibiotics (cefuroxime and cefoperazone), a nonsteroidal anti-inflammatory drug (nimesulide) and steroid (dexamethasone), however 8 days later macular and non-pruritic rashes had progressed from the trunk to the extremities (Fig. [1](#Fig1){ref-type="fig"}). Laboratory tests showed eosinophilia (1.25 × 10^9^/L), liver dysfunction (aspartate transaminase 123 U/L, alanine transaminase 232 U/L) and elevated inflammatory markers (C-reactive protein 104.8 mg/L, erythrocyte sedimentation rate 34 mm/h, ferritin 510 ng/mL). A review of her past medical history revealed the treatment of facial rosacea with ornidazole 2 months prior to fever onset.Fig. 1The rash developed 8 days after the development of fever and progressed from the patient's trunk to the extremities. The rash was macular and non-pruritic

Two weeks following the progression of the rashes to the extremities, she developed severe nausea and vomiting with polyuria and polydipsia. Laboratory tests showed hyperglycemia (34.8 mmol/L) and diabetic ketoacidosis (glucose 34.8 mmol/L, positive urine ketone body, serum pH 7.16). Further studies showed a normal glycated hemoglobin (6.6%), negative autoimmune type 1 diabetes-related antibodies (ICA, IA2, and GADA) and elevation of pancreatic enzymes (amylase 132 U/L, lipase 1097 U/L). Undetectable serum C-peptide and proinsulin (2 h postprandial: glucose 22.0 mmol/L, C-peptide \< 0.017 nmol/L, proinsulin \< 0.23 pmol/L) indicated that the beta islets were totally destructed. According to criteria for the definite diagnosis of FT1D outlines in the 2012 report of the Committee of the Japan Diabetes Society \[[@CR6]\], the patient was diagnosed with FT1D and started on insulin replacement therapy. After intensive insulin replacement, her acute abdominal symptoms subsided immediately, within 1 day.

The patient underwent an enhanced computed tomography (CT) examination with iodinated contrast medium (100 mL loversol, containing 32 g organic iodine or 1.6 g inorganic iodine) 1 week after the manifestation of FT1D, with the aim to evaluate the pancreas. The enhanced CT scan showed a normal pancreas (Electronic Supplementary Material \[ESM\] Fig. 1). Initially, the aim of the enhanced thoracoabdominal CT was to rule out malignancy, as the patient was admitted to our hospital for fever of undetermined origin (FUO); however, we subsequently specified the etiology for the FUO as DRESS. At the same time, screening for infection and autoimmune diseases also ruled out these two categories of diseases (ESM Table 1). Five days later, the patient complained of perspiration, hand trembling and palpitation. Physical examination revealed an enlarged thyroid without tenderness. Thyrotoxicosis was diagnosed on the basis of decreased levels of thyroxine stimulating hormone and increased levels of both free triiodothyronine and free thyroxine; these abnormalities developed after the use of the contrast medium (iodinated contrast medium) as thyroid function was normal before the CT scan (Table [1](#Tab1){ref-type="table"}). The enhanced CT did not show any nodules of the thyroid (ESM Fig. 2), and color Doppler ultrasonography of the thyroid demonstrated a slightly abundant flow signal and also showed no nodules (ESM Fig. 3). A nuclear scan revealed an extremely low uptake of technetium-99m and radioactive iodine. Based on these findings the patient was diagnosed with IIT and treated with beta blocker to suppress sympathetic tone. An illustration of the entire course is shown in Fig. [2](#Fig2){ref-type="fig"}.

We followed up the patient 6 months later, at which time her thyroid function had returned to normal (Table [1](#Tab1){ref-type="table"}). We used a commercialized next-generation sequencing analysis protocol (Cambridge Healthtech Institute \[CHI\], Inc., Needham, MA, USA) to exclude mutations related to monogenic diabetes mellitus (ESM Table 2), which further consolidated the diagnosis of FT1D. We also tested the human leukocyte antigen (HLA) subtypes (ESM Table 3).

All procedures performed in studies involving human participants were in accordance with the ethical standards of the Institutional Review Board of Peking Union Medical College Hospital and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study. Additional informed consent was obtained from all individual participants for whom identifying information is included in this article.Table 1Laboratory studies on the thyroid function of the patientLaboratory parametersBefore application of loversolAfter application of loversol6 months laterTSH (μIU/mL)0.9160.03↓2.398FT3 (pg/mL)2.656.83↑3.18FT4 (ng/dL)1.7563.371↑1.255T3 (ng/mL)1.044--1.022T4 (ug/mL)10.37--7.35A-TPO (IU/mL)223.2↑262.9↑190.9↑A-Tg (IU/mL)690.6↑656.3↑519.6↑TRAb (IU/L)--1.36--Serum iodide (40--90 μg/L)--191↑--UI/U-Cr (70--860 μg/g Cr)--35,067↑--*TSH* Thyroid stimulating hormone,*FT3* free triiodothyronine,*FT4* free thyroxine,*T3* triiodothyronine,*T4* thyroxine,*A-TPO* anti-thyroid peroxidase antibodies,*A-Tg*anti-thyroglobulin antibodies,*TRAb* TSH receptor antibodies,*UI* urine iodine,*U-Cr* urine creatinine↑, Above the upper limit; ↓, below the lower limit; --, parameter was not examined Fig. 2Flowchart of entire disease course. A 46-year-old woman presented with fever, malaise, lymphadenopathy, eosinophilia and liver dysfunction on day 0. She had used ornidazole for facial rosacea 2 months previously. On day 8 after presentation, rashes occurred and progressed from the patient's trunk to the extremities. On day 16 after presentation, she developed fulminant type 1 diabetes (*FT1D*). On day 23 after presentation, she underwent an enhanced computed tomography (*CT*) examination with iodinated contrast media. On day 29 after presentation, she developed iodine-induced thyrotoxicosis (*IIT*)

Discussion {#Sec3}
==========

Typical DRESS patients would have been exposed to a high-risk medication \[[@CR7]\]. A retrospective analysis of 45 patients with DRESS showed that the most common causative drug group was antibiotics (28.9%), followed by anticonvulsants (26.7%) \[[@CR8]\]. Our patient was exposed to the antibiotic ornidazole, which is not a conventional antibiotic; however, several case reports do show that it is related to fixed drug eruptions \[[@CR9]\]. Two other nitro-imidazole drugs, tinidazole and metronidazole, have also been reported to be causes of DRESS \[[@CR10], [@CR11]\]. According to the scoring system for classifying DRESS \[[@CR12]\], our patient had a score of 5, indicating that she probably suffered from DRESS. In another retrospective study, about 12% of patients with DRESS had not been exposed to a recognized high-risk drug \[[@CR12]\].

In our case, the patient developed FT1D 2 weeks after DRESS flare-up. Her serum level of proinsulin and C-peptide were both undetectable soon after FT1D onset. A recent study revealed that in immune-mediated type 1 diabetes of long duration, the ability of the pancreas to secrete proinsulin persists even at an undetectable serum C-peptide level \[[@CR13]\]. Thus, beta islet destruction in FT1D is more severe than that in immune-mediated type 1 diabetes.

In a retrospective study which recruited 145 patients with DRESS, five patients subsequently developed FT1D \[[@CR2]\]. An increasing body of data have revealed that defective T regulatory (Treg) cells play a central role in FT1D \[[@CR14], [@CR15]\]. Supporting evidence for the role of Treg cells comes from one study which showed that the FT1D patients in the study had lymphocytic infiltration in both the endocrine and exocrine pancreas, with 98% of them manifesting elevated levels of serum pancreatic enzymes \[[@CR6]\], as the case of our patient (amylase 132 U/L, lipase 1097 U/L).

Treg cell dysfunction signified the resolution stage of DRESS. Treg cells are vigorously activated and expanded in the acute stage of DRESS, while they are functionally defective in the resolution stage \[[@CR2]\]. This functional defectiveness may be responsible for the subsequent unopposed inflammatory insult to a specific organ, such as FT1D.

Other theories proposed for DRESS and FT1D include viral reactivation and HLA susceptibility \[[@CR16]\]. Yoneda et al. performed immunohistochemistry of the autopsied pancreas of a patient who developed FT1D 3 weeks after DRESS; they detected human cytomegalovirus (HCMV)-positive cells together with macrophages and CD4+/CD8+ T lymphocytes in islets and exocrine areas, indicating that HCMV infection was associated with destruction of the beta cells \[[@CR17]\]. As in our case the higher ratio of CD8+ DR+/CD8  and CD8+ CD38+/CD8+ suggested viral infection (Table [2](#Tab2){ref-type="table"}). Onuma et al reviewed 15 cases of DRESS complicated with FT1D reported in the literature and found a high frequency of HLA B62 in those patients \[[@CR4]\]. However, our patient did not have the HLA B62 subtype (ESM Table 2). Thus, more data are needed to study the relationship between HLA subtype and DRESS complicated with FT1D.Table 2Lymphocyte subsetParametersOnset of FT1D or 2 weeks after the onset of DRESS6 months laterWhite blood cell (/μl)56005910Lymphocyte (/μl)1551↓1732↓CD19 (/μl)31↓76↓CD4  T cell (/μl)540↓596CD8  T cell (/μl)624636CD4/CD8 (/μl)0.87↓0.86↓CD4+  CD28+/CD4+ 96.596.4CD8 + CD28+/CD8+ 50.553.8CD8+ DR+/D8+ 61.3↑25.8↑CD8+ CD38+/CD8+ 81.1↑48.5CD16+ (%)19.420.9*FT1D* Fulminant type 1 diabetes,*DRESS* drug reaction with eosinophilia and systemic symptoms,*CD* complement (cluster of differentiation)↑, Above the upper limit; ↓, below the lower limit

The low free triiodothyronine/free thyroxine (FT3/FT4) ratio and thyroid iodine absorption rate suggested inflammatory damage to the thyroid and its destruction induced by iodine overload, possibly due to leakage of thyroxine out of the destroyed follicular cells of the thyroid; this mechanism would be consistent with that of IIT \[[@CR18]\]. The patient's anti-TPO and anti-Tg antibodies were positive, indicating that she had Hashimoto's disease, which is one of the risk factors for IIT. More importantly, DRESS itself disrupted the immune system and rendered the patient vulnerable to IIT, which further elucidates that immune dysregulation plays a central role in both IIT and FT1D.

The case described herein is the first in which IIT is reported as a sequela of DRESS. Physicians should be aware that as IIT could be a sequela of DRESS, iodinated substances are inappropriate for the treatment of these patients.
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